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ABSTRACT
GREYWATER SYSTEMS, GREYWATER QUALITY PARAMETERS, AND
IMPACTS ON SOIL CHARACTERISTICS IN SANTA CLARA COUNTY,
CALIFORNIA
by Sara Khosrowshahi Asl
Many communities worldwide are facing water shortages and droughts, stressing
the critical need for water conservation. Following the longest recent drought cycle in
California (2011–2017), local water companies are prioritizing the development of
unconventional water sources, such as laundry-to-landscape greywater, which is a
low-tech method to reuse water. This study describes the characteristics and
performance of installed greywater systems in San José, California, including the
systems’ conformance with California plumbing codes and landscape plants irrigated
by the systems. Over three-quarters of the greywater systems conformed to the
California Plumbing Code, and nearly 60% of the landscapes were drought-tolerant.
Samples of both greywater and soil from 31 households showed that water quality,
besides iron and calcium, was mostly in the acceptable range for wastewater-reuse
irrigation, and values of many of the parameters were lower than previously reported.
Code-compliant systems performed better than non-code-compliant systems for fecal
coliform and nitrate, as well as for calcium, magnesium, potassium, organic matter,
organic carbon, cation exchange capacity and boron, but even systems that did not
adhere to the codes did function for water conservation. There was accumulation of
salt and nutrients for older systems in soil. The results of this study strengthen the
reuse of these systems as an attractive solution in conserving water.
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Introduction
The declining availability of water is a global issue. During recent decades, many
areas that face drought continue to experience population growth and increase in
water demand. Less-industrialized countries are particularly challenged by water
shortages, but water resources are often wasted in industrialized countries. Because
water is essential for agriculture, growing food crops can become a serious problem in
drought-prone areas. As a result, reusing wastewater, an ancient practice, has again
become an important source for irrigation water. Reusing wastewater, however, raises
concerns about the possibility for impacts on human health, soil chemistry, and the
environment in general.
In terms of drought, California is no exception. The last cycle of drought in
California began in 2011, alongside an increase in population and thus an increased
demand for water. One of the State’s most crucial water sources is “imported” water,
which travels hundreds of miles from the melting snows of the Sierra Nevada
mountain range to the Sacramento–San Joaquin River Delta, where it is diverted for
water supply. This source supports 55% of the Santa Clara Valley’s commercial and
residential water needs, but its flow has been reduced by climate change and declining
health of ecosystems in its watershed (Valley Water, 2019).
Facing increased water scarcity, the California Department of Water Resources
(2019) has promoted new ways to conserve water, such as water recycling, rainwater
catchment, desalination, and greywater reuse. As part of a drought education
initiative, some people have started to make their homes drought-proof (Allen, 2015).
One method of reducing water consumption is to install greywater systems.
Greywater is untreated wastewater, excluding human waste, from residential or
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commercial buildings, which is diverted for landscape irrigation or for flushing toilets
(California Department of Water Resources 2019; Khong, 2009). Greywater reuse is
one of the most common strategies used to save water in rural areas (Alfiya et al.,
2012). Greywater sources can be laundry-to-landscape (L2L) or branched-drain
systems, which comprise greywater from showers, kitchen sinks, and washing
machines. If gravity alone does not direct the water outside, pumps can be used to
push the water out of the building.
Greywater produced from sources such as washers, bathtubs, showers, and sinks
can constitute 50-80% of the wastewater generated in households. Greywater reuse
can save up to 10 to 20 gallons of water per person per day and reduce wastewater
going into sewers or septic systems (Allen, 2015). The exact number of households
using greywater is not clear. Cohen (2009) estimates, however, that even if only 10%
of households installed greywater systems in Southern California, it would equal the
output of a desalination plant in the region.
Many questions have been raised regarding the quality and safety of greywater
(Maimon et al., 2014). The salinity of greywater can damage some plants; specific
ions such as chlorine, sodium, and boron can be toxic to plants. Soil quality is
especially important when it comes to greywater, because soil life acts as a filter,
decomposing organic carbon compounds found in soaps and body-care products in
greywater. Although some studies have been conducted on greywater quality
(Christova-Boal et al., 1996; Eriksson et al., 2002), organized information is still
lacking, and more studies are needed to evaluate the effects of greywater on soil.
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Background and Policies
The United States, Australia, Israel, Korea, China, and Cyprus are among the
countries in which people receive incentives for installing greywater systems. In
Australia, greywater, under law and regulation, only involves non-toilet wastewater
(Oron et al., 2014). Israel’s ministry of health granted permission to reuse greywater
originating from shower water in public sports centers in 1994 (Oron et al., 2014, p.
15); thereafter, the use of greywater increased extensively. However, one of the
concerns was the difference in the quality of greywater in the private sector and public
facilities.
Greywater increases proportionately with population growth. It can be reused
efficiently for watering yards and gardens, irrigating golf courses and public parks,
and enriching groundwater (Simpson & Oliver, 1996). Greywater generated from
household sewerage can be reused for toilet flushing and lawn and garden irrigation,
depending on its quality. Sometimes, reusing untreated greywater is safe.
It is beyond the scope of this study to determine what each authority is doing, and
which ones are regulating greywater, but the key regulatory programs that cover the
largest number of people in the United States are identified. Forty-one states in the
United States have defined regulations for greywater reuse; however, only five states,
including California, Texas, and Arizona, have greywater reuse in their state
plumbing codes (Yu et al., 2013). Different greywater regulatory authorities govern
each county, city, and state. Some states, such as Arizona and New Mexico, legalized
the reuse of greywater in 2001 (Graf, 2012).
In California, greywater is also regulated locally, and some locales, such as
Malibu, California, have created their own regulations from scratch. In California,
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greywater regulations started in 1989 in Santa Barbara. Statewide, the California
Department of Housing and Community Development is responsible for writing codes
regarding greywater, which are then sent to the California Building Standards
Commission to review, accept, and adopt. In 2011, codes started to be adopted, and
some low-cost, low-maintenance greywater systems became legal (California
Building Standards Commission, 2016). Statewide greywater regulations and codes
are found in Chapter 15 of the California Plumbing Code (CBSC, 2016). Since 2009,
based on these regulations, washing machine systems in a single-family home that do
not alter the existing plumbing can be built without a permit; however, a permit or
state inspection is required for other types of greywater systems (California Building
Standards Commission, 2016).
One of the requirements for the installation of no-permit systems in California is
having a smooth outlet to direct flow back to the sanitary sewer or septic system when
it is used for washing diapers or when the water might otherwise contain hazardous
chemicals. One such system is a labeled three-way valve that can transfer water to
either the landscape or the sewer system (Figure 1). Systems that collect greywater
from a residential laundry machine should be installed accurately, according to the
California Plumbing Code Section 1502.1. Greywater must be contained on the
property from which it originated and not contain toilet water or hazardous chemicals.
The system should not allow greywater or runoff to pool, and it must include a pump.
Greywater must be discharged under a 2-inch cover of mulch, stone, or a plastic
shield and not impact other parts of the building, such as structural and electrical
components. A maintenance and operation manual must be used and remain available
throughout the life of the system.
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Figure 1
Three-Way Valve to Direct Water to landscape or Sewer System

In California, the first regulations were: (a) the minimum requirement of
greywater use is 140 mesh to a 1-inch filter with a flow rate of 25 gallons per minute;
(b) greywater should be applied using subsurface irrigation systems and for watering
non-consumable trees and bushes; (c) the maximum emitter flow rate should be 8
liters per hour; and (d) a surge tank should be made from a strong and solid material
that can provide irrigation water (Yu et al., 2013).
The first criterion for reusing greywater is that the waste must contain low levels
of contaminants. The average turbidity of the water must not be more than 2
nephelometric turbidity units (NTU), and the average total coliforms should not
exceed 2.2 maximum probable number (MPN) per 100 ml, with a maximum of 23
MPN per 100 ml (Oron et al., 2014). In addition, greywater should not come in
contact with humans and pets and should not be used for watering garden vegetables
that will be consumed by humans. The system should be designed to first distribute
greywater to the subsurface or subsoil dispersion field or mulch basin. Shampoos,
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soaps, cleansers, and detergents used in greywater systems should be safe and
biodegradable.
Storing greywater is a common mistake. If greywater is stored, the bacteria
reproduce quickly, and this process turns the greywater into black wastewater.
Greywater should not be stored for more than 24 hours (Rose et al., 1991). Usually,
no treatment is needed for greywater systems, lawns should be watered through
underground watering systems to lower the chances of contact with greywater. For
vegetables, no edible part of a plant should come into contact with greywater (Allen,
2015; Ludwig, 2015).
The average household flow of greywater is close to 60%, excluding water from
toilets and probable leaks from wastewater (Table 1; Allen 2015; Roesner et al.,
2006). A study conducted in Arizona demonstrated that most greywater comes from
laundry (Graf, 2012).
Table 1
Water Use in North American Households
Source

Use

Shower and faucet

33%

Toilet

26%

Washing machine

22%

Leaks and other

19%

Source: Allen (2015)
Untreated Greywater
Because some greywater systems do not require treatment, a few ways to reuse
greywater have been suggested by people who work with or study greywater. A
bucket or simple garden hose can be used to irrigate plants with greywater. However,
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in this case, there can be sanitary risks. Another greywater treatment uses a mulch
basin, which is the predominant system feature studied. A mulch basin involves a 30
cm ditch being dug around plants irrigated with greywater. This area is filled with
mulch and dry leaves. Filtering and diversion systems are other ways to clean
greywater. For filtration, greywater goes through a coarse filter and then through
pipework for underground irrigation. Constructed wetlands can be used because they
can absorb organic loads. Constructed wetlands naturally treat water because they are
complex ecological systems (Knight et al., 1999).
When it comes to greywater, members of the public may feel that it is “yucky,”
attributed to both a lack of education (Gross et al., 2015) and a lack of involvement in
policy decisions (Hurlimann & Dolnicar, 2010). One of the best ways to change
people’s attitudes toward greywater is by conducting more research on recycling and
reuse of greywater. Usually, greywater reuse is accepted more in communities that
face droughts. People also need to see a return on their investments in greywater
systems. Further, when it comes to greywater systems, the initial cost can be high
compared to the price of water in Santa Clara County. According to Greywater Action
(2015), the cost of installing a simple L2L system can be as high as $2,000, and it can
reach as high as $20,000 for more complex systems.
Related Research
Greywater can be an important source of irrigation for areas faced with water
shortage, as its availability is not dependent on the weather (Mohamed et al., 2013). A
significant amount of wastewater is produced by households. Other than kitchen and
toilet water, which is black wastewater, the rest is greywater that can be used for toilet
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flushing and irrigation. The use of this greywater can save up to 50% of household
water consumption.
Characterization of Greywater
The quality of greywater may vary from one household to another. The main
determinants of this variance are the quality of the water supply to a household, net
distribution type for greywater and drinking water, number of people in the
household, number of kids in the household, and the products being used by the
residents (Eriksson et al., 2002; Mohamed et al., 2013). The expected range of
greywater quality parameters is provided in Table 2 based on previous literature.
Table 2
Expected Range for Quality of Greywater
Greywater
Characteristics

Units

Finley et al.
(2009)

pH

mg/l

6.7–7.6

ChristovaBoal et al.
(1996)
6.4–10

Gross et
al. (2005)

Hernández
Leal et al.
(2007)

6.7 ± 0.1

EC (mS/cm)

MS/cm

Phosphorus

mg/l

0.24–1.02

0.062–42

Potassium

mg/l

2.2–2.5

1.1–17

8.8–15

Magnesium

mg/l

9.0–9.9

1.1–2.9

7.4–17

Sodium

mg/l

20–27

7.4–480

50–216

Calcium

mg/l

30–44

3.5–12

17–49

Boron

mg/l

Temperature

82–1400
17.7 ± 5.1

0.6 ± 0.2

Co

2.3–34.5

0.2–0.91

25

Total Kjeldahl
Nitrogen

1.0–40

NH4–N

mg/l

Chloride

mg/l

TDS

mg/l

1.2–6.2

0.25–7.32
9.0–88.0

8

36.0–96.7

SAR

4.2–5.8

BOD
Fecal Coliform
Total Coliform

4.8

mg/l
CFU/100
ml
CFU/100
ml

48–290
4

4.7 × 10 –
8.3x 105
110–3.8 ×
105

110–3.3 ×
103
500–2.4 ×
107

270 ± 60
106 ± 105

The EPA’s expected range for recycled water quality is shown in Table 3 (FAO,
2017).
Table 3
Accepted and Usual Range of Irrigation Water
Irrigation Water Characterization
pH
EC (dS/m)
Phosphorus (mg/l)
Potassium (me/l)
Magnesium (me/l)
Calcium (me/l)
Sodium (SAR)
Boron (mg/l)

SAR (me/l)

Expected Range
6.5–8.4
0.7–3.0
0–2
0–2
0–5
0–20
3–9
0.7–3.0

0–3
3–6
6–12
12–20
20–40

Chloride (me/l)
Nitrate (NO3-N) (mg/l)
Ammonium–Nitrogen (mg/l)
TDS (mg/l)
Total Coliform per 100 ml, for
Nonedible Plant Irrigation
Source: Ayres and Westcot (1985)

EC

4–10
5–30
0–5
0–2000
≤ 23
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0.7–0.2
1.2–0.3
1.9–0.5
2.9–1.3
5.0–2.9

As for microbial characteristics of greywater, some literature maintains that
improper use of greywater poses health risks (Eriksson et al., 2002; Friedler, 2004;
Friedler & Hadari, 2006; Ottoson & Stenström, 2003). Greywater might contain fecal
coliforms, which, if touched or breathed in, can cause health risks. The level of
pathogens in black wastewater is high, but it is not significant in greywater (Birks &
Hills, 2007; Ottoson & Stenström, 2003). As fecal contamination is the main concern
in greywater and wastewater, this study does cover fecal coliforms. Fecal coliform
can be found in feces and wastewater, and its count is a useful indicator of the
presence of microbial pathogens (Morel & Diener, 2006; Ottoson & Stenström,
2003); it can be harmful to human health (Eriksson et al., 2003) and cause illnesses
(Rose et al., 1991). There are no records of nonpathogenic health risks for the public;
however, caution needs to be exercised when watering edible plants with greywater
(Aertgeerts & Angelakis, 2003). Table 4 presents the health risks based on population,
exposure, and delay before reuse.
Table 4
Greywater Reuse Health Risks
Low Risk
Population

Single-Family

Exposure

No Contact

Delay Before Reuse

Immediate Reuse

Source: Dixon et al. (2000)

Medium Risk

High Risk
Multi-occupant

Some Contact
Reused Within
Hours

Ingestion
Reused Within
Days

Different chemical characteristcs of greywater have been evaluated in this study, such
as pH, EC, SAR, nitrogen, phosphorus, sodium, calcium, TOC, BOD, and boron. A
summary of related literature used in this work appears in Table 5. The level of salt
and EC are important factors for plants, and they can show stress due to the salt in
10

greywater (LeCompte et al., 2016). Various organic carbon pollutants can be present
in greywater. Two of them are TOC and BOD (Leal et al., 2007; Noutsopoulos et al.,
2018).
Table 5
Related Literature on Greywater Quality
Study
An
investigation
into
greywater
reuse for
urban
residential
properties

Author(s)

Place, Scope,
and Objective

Christova Melbourne,
-Boal et
Australia.
al. (1996) Study of
greywater and
filtration
methods for 2
years. Four
Melbourne
houses were
selected.
Friedler
Israel.
(2004)
A total of 150
samples were
collected from
one household.
Characterizatio
ns of different
greywater
sources were
studied.

Quality of
individual
domestic
greywater
streams and
its
implications
for on-site
treatment
and reuse
possibilities
Reuse of
Finley et
domestic
al. (2009)
greywater for
the irrigation
of food crops

Canada.
Study of
contamination
of crops
watered by
treated and
untreated
greywater from
one household
and three edible
plants watered
by greywater.
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Method

Findings

Study of
different
sources of
greywater and
filtration
methods for 2
years.

Levels of sodium,
phosphate, and
aluminum were
high in greywater.
Laundry water is
best suited for toilet
flushing.

Samples were
collected
from six
appliances:
bath, shower,
washbasin,
kitchen sink,
washing
machine, and
dishwasher.
Treated and
untreated
greywater
was sampled
weekly for 8
weeks.

The bacterial
contamination in
crops irrigated with
treated and
untreated greywater
was not
significantly
different. This
suggests irrigation
with greywater does
not pose a bacterial
contamination risk.

Monitoring
of
environment
al effects of
household
greywater
reuse for
garden
irrigation.

Mohame
d et al.
(2013)

Perth, Australia.
Reuse and
efficiency of
greywater for
irrigation of soil
and plants from
four
households.

Samples were
collected
from October
to December
in containers
that were
either sent to
a lab.
Fertilizer was
added to the
soil. Soil and
plant samples
were
collected
before
greywater
systems were
installed and
before the
rainy season.

The soil quality was
dependent on
fertilizer.
Interestingly, the
pH of the soil
decreased because
of high nitrogen and
organic matter and
the use of fertilizer
and organic
mulching. The
salinity, sodium
adsorption ratio,
and organic content
of the soil changed
over time.

Characterization of Soil
To determine the soil used in this research, irrigation efficiency needs to be
studied. Irrigation efficiency refers to the amount of water being irrigated and the
amount of water that plants absorb. The irrigation efficiency of soil is dependent on
the plant, soil type, and irrigation method. The amount of water being absorbed by the
plants is also dependent on the water holding capacity of the soil. When the water
holding capacity of the soil is low, the water drains quickly and the roots do not
absorb enough water. Because of surfactants in greywater, soil can lose its ability to
hold water over time; different soils respond differently to the surfactants in greywater
(Alfiya et al., 2012; Gross et al., 2015). Table 6 shows how different soil types hold
water.
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Table 6
Water-Holding Capacity of Various Soils
Type of Soil

Water Holding Capacity
(mm water/m soil)

Coarse Sand

30–60

Loam

60–120

Silt

120–165

Clay

135–180

Source: Doneen and Westcot (1984).
After being watered with greywater, the soil’s nitrogen, solids, and organic matter
levels increase over time, but the surfactant, boron, and oil levels decrease (Nolde,
2000). These changes affect soil characteristics and might affect plant growth and
health (Wiel-Shafran et al., 2006). Surfactants in greywater are produced by
detergents in the laundry. In a study using anionic surfactants (sulfonic), researchers
observed changes in water movement, in the soil (Abu-Zreig et al., 2003). Therefore,
using biodegradable detergents is very important. Soil quality can vary based on
where the sample was collected. However, due to irrigation using greywater, changes
in salinity, boron, pathogen, and metal concentrations might occur in the soil (Finley
et al., 2009). Thus, the health of the soil needs to be studied to sustain a healthy
ecosystem for plants, by taking in and transforming these chemicals (Albalawneh et
al., 2016). Table 7 shows the changes in soil over 2 years of irrigation with greywater.
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Table 7
Changes in Soil Characteristics in Two-Year Study
Soil Characteristics

Before Using
Greywater

After Using Greywater
For 2 Years

pH

7–8.1

7.7–8

SAR

0.9–5.6

0.86–1.07

Organic Matter

0.6–6.7

0.48–6.87

Phosphorus

2–160

3–136

Magnesium

11–379

2.4–39

Calcium

28–839

16–122

Chlorine

44–709

44.3–47.8

Potassium

210–4055

164–2661

22–209

17–41

Boron
EC
Sodium

Source: Albalawneh et al. (2016)
Greywater can affect the health of soil and vegetation (Eriksson et al., 2002; Gross
et al., 2005; Misra & Sivongxay, 2009; Travis et al., 2010); the area that is irrigated
with greywater shows the most impact (Gross et al., 2015), and sometimes the
damage is noticeable much later (Travis et al., 2008). In most cases, the damage is
around the irrigated area, but in some cases, it can cause groundwater or surface water
pollution. Another way in which greywater might impact and change soil
characteristics is by causing a buildup of salts, oil, and grease (Travis et al., 2008).
Greywater can act as a great supplemental water source, especially in areas with
less than 250 mm precipitation per year. If the amount of greywater exceeds the
plants’ need for irrigation, it can enter the sewer system. A good greywater system
design for watering plants can save water, help with plant health, and lower the

14

chances of environmental and public pollution (Gross et al., 2015). Previous studies
have reported various effects of greywater on plants. For example, in one study,
tomato plants were watered with laundry greywater, which resulted in the plants
having a higher concentration of phosphorous, sodium, and iron (Misra et al., 2010);
boron, sodium, and chlorine might induce cases of phytotoxicity (Pinto et al., 2010).
A study on the growth of silver beets reported no difference when greywater was used
(Pinto et al., 2010). Another study reported increased amount of metals and sodium in
carrots and Swiss chard over time (Rodda et al., 2011). One study even examined the
biomass for ryegrass, and the authors also studied the stress level of plants watered
with greywater and tap water and observed no markers of stress between the different
irrigation methods (Alfiya et al., 2012). Passion fruit vines, kiwi trees, bushes, and
shrubs native to the area, along with large annual plants such as tomato and squash
can be watered by greywater (Allen, 2015). Native plants can tolerate drought and
need minimal irrigation; they are low maintenance, attract butterflies, and are
pesticide-free. In addition, these plants support the local ecology. Furthermore,
greywater-tolerant and drought-tolerant plants together can save a great amount of
water while supporting the area’s ecology.
What Is Missing?
According to research, some plants are compatible with greywater. Therefore, it
would be interesting to know which plants are the most used landscape in Santa Clara
County. Native plants can tolerate salt, which is found in greywater, but how do they
respond to over-irrigation or higher pH or nitrogen concentrations? Some native
plants cannot tolerate irrigation in dry seasons (Ludwig, 2015).
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One of the concerns with greywater is microbial count in greywater, to make sure
it does not affect the human health and the plants being irrigated with laundry to
landscape greywater systems.
Another important element missing in literature is the range of greywater quality
for major water quality parameters. Although most of the researchers included a
greywater quality element in their work, the sample sizes were small and not
sufficient for providing a good estimation of the range of greywater quality.
Additionally, comparing the greywater qualities with standards for reuse of treated
wastewater provided by food and agriculture organization (FAO) will give us a better
understanding of its safety for plant and soil health.
Greywater can affect soil quality over time, which makes its study especially
important. Regulations are mostly based on the effects of greywater on people’s
health, and not many studies have been conducted on greywater’s environmental
impact (Wiel-Shafran et al., 2006). In most previous literatures, the soil study has
been an experimental design, with soil being collected from one location. How about
studying soil in our backyards where it is being irrigated by greywater?
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Research Questions
Based on the literature review and discussions with more than 20 greywater
advocates and specialists such as S. Bryan from Ecology Action, L. Allen, E. Friedler,
C. Khong, and J. Burks, three main questions were developed for this study. They are
as follows:
RQ1: What do residential greywater systems look like and are they compatible
with California Plumbing Codes? Which kinds of plants or landscapes are being
irrigated with greywater in Santa Clara County?
RQ2: What are the ranges of untreated residential greywater components such as
pH, magnesium, calcium, sodium, temperature, boron, chlorine, electrical
conductivity (EC), total dissolved solids (TDS), nitrogen, phosphorus, potassium,
fecal coliforms, and biochemical oxygen demand? Are they within the expected
ranges of recycled water quality for irrigation?
RQ3: What are the commonly used detergents with greywater in Santa Clara
County, and is there a relationship between the greywater quality and detergents that
are used?
RQ4: How do distance from the point of application (close to the greywater outlet,
1.5 m from the outlet, and 3 m from the outlet) and system age (0–5 years, 5–10
years, and 10 years and over) affect soil quality parameters such as pH, EC, SAR, soil
moisture, potassium, nitrates, phosphorus, sodium, organic matter, magnesium, boron,
and calcium?
RQ5: Is there a difference in the quality of soil between code-compliant systems
vs non-code-compliant systems and distance from the outlet?
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Study Site
Santa Clara County, California, was chosen as the study site for this research.
Santa Clara County is in Northern California and is the sixth most populated county in
the state (Figure 2). Santa Clara County has long warm summers and short, wet, and
cool winters. Santa Clara County experienced a drought from 2012 to 2016. During
the drought, Valley Water (2016) offered a rebate for installing greywater and a direct
installation program for customers installing greywater systems along with a rebate
for replacing turf grass with climate-appropriate or drought-tolerant plants. The rebate
was $200. For changing the landscaping to more drought-tolerant plants, the rebate
includes one dollar per square foot for single- and multi-family households (Valley
Water, 2019). Because of these rebates, people in Santa Clara County are installing
greywater systems and are changing their landscaping to use more drought-tolerant
plants.
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Figure 2
Map of Santa Clara County With Sampling Locations

Source: County of Santa Clara (2016).
The sample comprised 30 households in Santa Clara County. Ecology Action, a
company that has been making environmental changes since 1970, helped in
accessing households that are in the process of installing or have already installed
greywater systems to take samples of soil and their greywater. Additionally, Valley
Water helped in locating the households that have installed greywater systems. A
release statement was signed by both homeowners and sample collectors (Figure 3).
As a gesture of thanks to the homeowners for allowing the research to be conducted,
they will be notified of their greywater and soil quality.
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Figure 3
Release Statement

Study Design and Data Collection Methods
The following methods were used for collecting the water, soil, and plant samples
for this study. Most of the guidelines for sampling greywater and soil were established
through Standard Methods for the Examination of Water and Wastewater (APHA,
1995), Soil Analysis Handbook of Reference Methods (Soil and Plant Analysis
Council, 2018), and Plant Analysis Handbook II: A Practical Sampling, Preparation,
Analysis, and Interpretation Guide (1997).
Data for research questions were collected from 31 households with L2L
greywater reuse systems. The ages of the systems were classified into two categories,
0–2 years and 2-years-and-over (Albalawneh et al., 2016); the system code
compliance was also recorded (CBSC, 2016). The laundry detergent used and types of
plants being irrigated by greywater were recorded on site. Samples of the greywater
were collected while the laundry was running, and soil samples were collected at the
same time from depths of 0–30 cm. Distances from the greywater source where the
samples were taken were recorded as 1.5 m from the greywater outlet, and 3 m from
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the greywater outlet as control were recorded (see Table A1 for datasheet;
Albalawneh et al., 2016). Additionally, types of the plants and their code compliance
were recorded at study site.
Greywater Samples
Residential greywater quality depends on the water source characteristics of the
district. These data are available through the Valley Water website (Table B1). The
properties that are important in greywater testing have been collected. The quality of
greywater is also dependent on household activities, cleaning products that are used,
and the time of day at which samples are collected. For example, in the morning,
samples are mostly from showers and shaving, whereas in the evening, greywater
contains oils from makeup removal (Eriksson & Donner, 2009). A total of 32 homes
were selected to accurately estimate greywater characteristics. The number of samples
was determined using Equation (1),
𝑡𝑡𝑡𝑡 2
𝑁𝑁 ≥ � � ,
𝑈𝑈

(1)

where N is the number of samples, t is the student’s t statistic for a given confidence
level, s is the overall standard deviation, and U is the acceptable level of uncertainty.
The confidence level was 95%, s was 0.5 mg/L, and U was 0.02 mg/L. A sufficient
number of samples was 25 to 30 (APHA, 1995).
Washing-machine-generated greywater was collected from an outlet into sterilized
containers (provided by Control Labs) during the wash and rinse cycles. In the
laundry, the wash cycle is usually the dirtiest and the rinse cycle is usually the
cleanest, which is why samples were collected from both wash and rinse cycles and
mixed in one container (Rabindra et al., 2009). As a general precaution during sample
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collection, the container was rinsed with greywater and then filled. Safety measures
were considered such as not touching the greywater by hand (APHA, 1995). All
manually collected samples were labeled and logged in a field logbook with the date
and time of collection (Table A1). Two containers were used to collect greywater
samples, one for 150 sterilized containers to collect fecal coliform samples and a oneliter container to collect greywater samples for other greywater characteristics. The
samples were taken to Control Lab in Watsonville for analyzing salt content
(magnesium, calcium, and sodium), temperature, pH, boron, chlorine, EC, TDS,
nitrogen, phosphorus, and potassium levels. Additionally, the data from the Valley
Water (2016) for tap water were used as a reference.
The temperature was recorded from the first greywater outlet, after the remaining
greywater was pushed out by the first cycle (Figure 4).
Figure 4
Temperature Measured After the First Rinse

The SAR in this study was calculated using the SAR in Equation (2).
𝑆𝑆𝑆𝑆𝑆𝑆 =

𝑁𝑁𝑁𝑁

�𝐶𝐶𝐶𝐶 + 𝑀𝑀𝑀𝑀
2

Source: Oster and Sposito (1980) and Richards (1954).
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(2)

The laundry detergents were categorized by their compatibility with greywater,
based on the recommendations in previous studies (Allen, 2015; Ludwig, 2015). The
importance of biodegradation is the ability to remove the organic compounds in areas
irrigated with greywater. Additionally, the ingredients were checked for the presence
of ingredients that are not recommended for greywater (Eskeland, 2007). The
biodegradability of surfactants can be identified by the change in the structure of
surfactants caused by microorganisms. In the best-case scenario, the total amount of
the surfactants is transformed into water, carbon dioxide, mineral salts, and other
inorganic compounds (European Parliament Regulation [EC], 2004; Merrettig-Bruns
& Jelen, 2009). Pearson chi square test of independence was conducted by the SPSS,
and the laundry detergents were categorized by their compatibility with greywater,
based on the recommendations by Allen (2015) and Ludwig (2015). The chi-squared
test was conducted for potassium, pH, EC, TDS, boron, fecal coliform, iron, chlorine,
and phosphate. The categorization of the quality of greywater was based on the
acceptable range for the presence of these elements in irrigation water.
Soil Samples
Depending on the root growth, surface soil (depth up to 30 cm) was collected
from 30 households during the collection of greywater (Al-Hamaiedeh & Bino, 2010;
Jones, 2017) from the area 12 cm adjacent to the greywater mulch (S. Bryan, personal
communication, July 11, 2019) at 1.5 m and 3 m from the outlet, and from a depth of
0 to 30 cm (Albalawneh et al., 2016). The mulch was not disturbed because the roots
of the plants could spread in the mulch basin to absorb greywater and take
decomposed food particles and organic matter (Figure 5). In addition, when mulch
absorbs greywater, there is no pooling or runoff of greywater (Allen, 2015).
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Figure 5
Mulch Around Greywater Systems Acts as a Filter

A soil core sampler was used to collect the samples from three different locations,
so that changes in soil over time could be studied (Misra & Sivongxay, 2009). The
soil’s pH, EC, sodium, organic matter, magnesium, boron, calcium, potassium, and
nitrate levels were studied. Soil samples were collected in paper bags. The texture of
the soil in the Santa Clara County contained all the variants of loam, ranging between
loam, sandy loam, and sandy clay loam. This suggested that the texture of the sample
would not have a more significant impact on our results than the characteristics of
greywater (Negahban-Azar et al., 2012).
Data Analysis
Sampling and analysis were implemented using Standard Methods for the
Examination of Water and Wastewater (APHA, 1995). The pH, EC, and temperature
were measured using an EC and pH meter, and fecal coliforms were measured using
the membrane filtration method. The data was analyzed using IBM SPSS Statistics
(Version 25) predictive analytics software. Different analyses were carried out for
different research questions, which are presented in Table 8. The data were stored in
physical files, Google Cloud, and external hardware.

24

Table 8
Data Analysis for Different Research Questions
Research Question

Data Collected

Analysis

Question 1: What do
residential greywater
systems look like? What
kinds of plants or
landscapes are being
irrigated with greywater in
Santa Clara County?

The name of the plants being
irrigated by greywater were
written while collecting the soil
and water samples from the
selected 30 households.

Descriptive
analysis

Question 2: What are the
ranges of untreated
residential greywater
components such as pH,
magnesium, calcium,
sodium, temperature, boron,
chlorine, electrical
conductivity (EC), total
dissolved solids (TDS),
nitrogen, phosphorus,
potassium, fecal coliforms,
and biochemical oxygen
demand? Are they within
the expected ranges of
recycled water quality for
irrigation?

A total of 30 households were
visited, and samples of
greywater were collected while
the washer was running.

Descriptive
statistics were
used to
determine the
range, mean, and
standard
deviation.

Question 3: What are the
commonly used detergents
with greywater in Santa
Clara County?
Is there a relationship
between greywater quality
and category of detergents
used?

The laundry detergent used was
recorded while running the
laundry.

Descriptive
statistics and
Chi-square test
of independence

25

Research Question

Independent
Variable(s)

Dependent
Variable

Analysis

Question 4: How does the
distance from point of
application and system age
(0–5 years, 5–10 years, and
10 years and over) affect
soil quality parameters, such
as pH, EC, SAR, soil
moisture, potassium,
nitrates, phosphorus,
sodium, organic matter,
magnesium, boron, and
calcium?

Distance from
the application.
System age

Soil quality

Two-way
ANOVA

Question 5: Is there a
difference in the quality of
soil between code-compliant
systems vs non-codecompliant systems and
distance from the outlet?

Distance from
Soil quality
the application.
Code
Compliant/Noncode-compliant

Two-way
ANOVA

Analysis of variance (ANOVA) was conducted to determine the effects of
greywater on soil, where soil qualities were dependent variables and distance from the
outlet, which was categorized as close to the outlet at 1.5 and 3 meters as away from
the outlet, was one of the fixed factors. System age was categorized as 0–2 years and
2 years and over as another fixed factor. The datasets that were not normally
distributed were transformed to Log10 of the dataset. ANOVA was run on pH, EC,
nitrate nitrogen, ammonia, phosphorus oxide, saturation percent, phosphorous,
chlorine, sulfate, sodium adoption ratio, copper, iron, zinc, manganese, boron,
calcium, magnesium, sodium, potassium, organic matter, and organic carbon.
Study Limits
This study involved a non-random sampling, or snowball sampling. Although this
study reached a high sample size either through Valley Water or greywater installers,
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the exact number of households which had greywater systems installed was not clear.
Additionally, most of the systems in this study were new and code compliant.
One of the limitations regarding either soil or greywater sampling was high
variability among households. During data collection, pets, chickens, and kids were
seen around a greywater outlet; in one household 8 cats were seen. These factors can
affect the results.
Furthermore, it wasn’t feasible to take three samples from all households because
of landscaping of the household. Moreover, when households weren’t code compliant,
or were irrigating greywater with hose, it was ambiguous to know which area was
close to the outlet or 1.5 meter from the outlet, and so on.
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Results and Discussion
Greywater Delivery, Hardware, and Operations
One of the important objectives of this research is to identify plants that are being
irrigated with greywater. Thirty-one households took part in this research; the
members of the research team recorded the plant types being irrigated with greywater.
Most of the greywater systems were installed recently; 25 of the 30 residences (83%)
had greywater systems that were installed in the last 5 years. Two of them were
installed in the last 5 to 10 years, and three of them were installed more than 10 years
ago. After installing the L2L greywater system, most of the households retained their
original landscape and plant composition, without replacing them with plants that are
more compatible with greywater. Some of the households followed the rules such as
shutting the systems off during the rainy season. In one of the households, the laundry
greywater was used in the landscape after the first rinse. Five of the households were
not code compliant, and in two cases, the greywater was saved in a tank Figure 6).
Figure 6
Greywater Being Stored in One Particular Case

In three cases, the greywater was connected to a hose, and the soil surface was
watered. In one case, although the greywater system was properly installed, overtime,
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the system was damaged, and greywater spilled on the surface of the soil. These
systems were labeled non-code-compliant systems. Further, in one of the households,
the system did not work, and the owners did not know this. There was no way of
knowing when the process of irrigation with greywater has stopped, so this house was
removed from the study. Table 9 gives a summary of systems in Santa Clara County.
As most of the systems (N=23) were installed recently, they were mostly based on
California plumbing codes or code compliant (Valley Water, 2016).
Table 9
Characteristics of Greywater Systems in Santa Clara County
Code
Compliant/Noncode-compliant
Code Compliant

Code
Characteristic
Subsurface
irrigation
Applied to nonconsumable trees
and bushes
Mulch basin

No. of
Houses
(percentage
of the
sample)
23
9

15
Non-codecompliant

Stored greywater
Surface irrigation
Non-functioning
system

2
5
1

Comment
Since they were installed
recently, they were mostly code
compliant.
Most of the households were
using greywater to irrigate
edible plants.
Although many households had
recently installed greywater
systems, not all of them had a
mulch basin around the outlet.
Greywater was stored in tanks.
Greywater either irrigated by a
hose or water ran through the
surface of the soil.
In one of the households, the
greywater system was not
working.

The drain hose of the washing machine was connected to a three-way valve
(Figure 7). The greywater was either used for irrigation or went into the sewer system.
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Figure 7
Laundry Setup Based on Recommendation by Valley Water

In accordance with the Valley Water recommendations, a mulch basin was used
around the outlet of the greywater system in the landscape so that the basin can act as
a filter. In many cases, where the greywater system had been in place for more than
five years, the mulch basin needed to be changed.
In some cases, a strong odor was evident when the greywater was poured into the
mulch basin. The greywater outlet was covered by mulch (Figure 8). Seasonal rains
started during the process of data collection at the end of November 2019, and we
collected seven of the samples after the first rain of the season. These might have
washed down the greywater deeper in the soil. Additionally, pets and chickens that
were present at some households may have influenced the quality of the soil.
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Figure 8
Mulch Shield Covering a Greywater Outlet

Type of Vegetation and Landscape
Data collection was completed during the months of September to December of
2019. It was noted that, generally, people had not changed their landscape after
installing their greywater system. Although they might have added one or two plants,
they did not alter the entire landscape after the installation of the greywater system.
Most of the plants that were irrigated by greywater were perennial and mostly watertolerant, and 51% of these plants, including herbs, native plants, and fruit trees,
belonged to the edible category. Additionally, 59% of the plants that were irrigated by
greywater were drought-tolerant. This shows that after several cycles of drought in
California, people who used greywater also grew water-tolerant plants in an attempt
to save more water.
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The plants irrigated with greywater ranged from fruit trees to rose bushes, citrus
trees, water-wise plants, native plants, and in one case, city trees and turf grass. The
type of plants recorded is shown in Table 10, which shows that nearly 45% of the
plants were bushes and shrubs.
Table 10
Plant Types
Type of Plant

Trees
Bushes, Shrubs
and Vines
Turf, Ground
Cover, and
Grass
Herbs,
Vegetables. and
Annuals
Unknown

Number of
Households

Number of
Plants Per
Instance

Edible

Native Drought-Tolerant

Yes No Yes No Yes No/Unknown

26

42

27 15 10 32 14

28

29

50

19 31 14 26 40

10

5

5

8

8

8

5

5

2

5

3

5

5

2

6

3

5

1

4

3

2

Based on visual inspection, it was reported that as a percentage of landscape
cover, the most prevalent landscape features that were irrigated with greywater
included trees, bushes, vines, and other perennials. These accounted for 60% or more
of the planted landscaping area in the sample. Most landscape vegetation looked
healthy and green during the visits (Figure 9). In two of the cases, the plants did not
look fresh. In one of these cases, the reason was that the greywater was unable to
irrigate any of the plants as the system was defective.
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Figure 9
Health of the Plants Used in This Research

In the other case, the plants were fescues and pomegranate that either were
incompatible with greywater or were under stress due to some other practice of the
household. The common layout of the landscapes in the Santa Clara County is
presented in Figure 10.
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Figure 10
The Common Layout of the Front Yard and the Backyard in the Santa Clara County

Laundry

Laundry

Note. The layout was created by using AutoCAD.
Inorganic and Organic Characteristics of Greywater
Microbial, physical, and chemical characteristics of greywater that were collected
during the study are presented in Table 11. These characteristics are divided into three
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categories: physical, chemical, and microbial. These characteristics have been
compared to previous studies research and range of recycled irrigation water.
Table 11
Ranges of Greywater Quality, Previous Research, and Accepted Irrigation Water
Quality

Characteristic

Unit

pH

Study Sample
Range

Previous
Research

Range in
Recycled
Irrigation Water

6.27 to 9.38

7.5 to 10

6.5 to 8.4

EC

µs/cm

7.8 to 107.3

190 to 1400

70 to 300

Total Dissolved
Solids

Mg/l

50.7 to 697.45

603.3

0 to 2,000

Total Organic
Carbon (TOC)

Mg/l

2.08 to 448

100 to 811

Phosphorus (P)

Mg/L

0.18 to 15.78

9

0 to 2

Potassium (K)

Mg/l

1.47 to 28.55

1.1 to 23

0 to 2

Magnesium (Mg)

Mg/l

0.78 to 48.95

1.1 to 61

0 to 5

Chloride (Cl)

Mg/l

5.25 to 133.25

300 to 450

4 to 10

Sodium
Adsorption Ratio
(SAR)

0.31 to 8.77

6 to 15.25

BOD

34 to 975

48 to 1266

Sodium

Mg/l

6.11 to 180.9

220 to 667

3 to 9

Calcium

Mg/l

5.18 to 82.3

19 to 50

0 to 20

Boron (B)

Mg/l

0.014 to 5.11

0.4

0 to 3.0

Sulfate

1.74 to 90.16

Fecal coliform
2 to 110,000
110 to 4×106
Sources: Christova-Boal et al. (1996), FAO (2017), Ghunmi et al. (2008), Guilbaud et
al. (2010), Jefferson et al. (2004), Misra and Sivongxay (2009), Mohamed et al.
(2014), Water (2019), Siegrist et al. (1976), Sumisha et al. (2015), and Winward et al.
(2008).
Microbial Characteristics. In this study, fecal coliform was studied as a
microbial characteristic, as previous research showed a high level of fecal coliform in
laundry greywater (Rose et al., 1991), with a concentration of 110 to 106 cfu/100 ml
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(Christova-Boal et al., 1996; Howard et al., 2005; Wiel-Shafran et al., 2006). The
results ranged from 2 to 110,000 mpn/100 ml (M = 4421 mpn/100 ml, SD = 21,123;
Figure 11); 41% were within the range reported in previous studies, and the rest were
lower than those recorded in previous studies.
Figure 11
Fecal Coliform

Note:

shows the acceptable range for reuse of wastewater by FAO, and
shows the range of greywater from previous studies.

However, according to guidelines established by the FAO (2017), the acceptable
range of fecal coliform for the irrigation of edible plants is less than 1,000 cfu/100 ml
(cfu/100 is equivalent to mpn/100), and another strict guideline recommends a level
that is lower than 200 cfu/100 ml in the case of public places. By using the 1,000
cfu/100 ml recommendation, 88.89% of our data were compliant. By using the strict
guideline of lower than 200 cfu/100 ml, 81.48% of our data were compliant.
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One of the data points—110,000 mpn/100 ml—could be the result of the presence
of dog feces around the greywater outlet. The greywater system was installed to be
code compliant, but the outlet would generate surface runoff, and it was difficult to
collect a sample that was not mixed with everything present around the outlet.
Household practices and kids also can affect the results. Usually, families with kids
can have higher fecal coliform levels due to the washing of clothes contaminated by
feces, and in this case, the presence of kids in the backyard was also reported (Rose et
al., 1991). Therefore, this household was not considered code compliant. The second
highest data point was 5000 mpn/100 ml, and in this case as well, the household was
not code compliant and was storing greywater. The (2017) has suggested that even
when the fecal coliform level is low, it is advised that the edible parts of the plants do
not touch the surface of the ground.
Physical Characteristics. One of the important aspects of the physical
characteristics of greywater is its temperature. The temperature of greywater depends
on the level at which the households set the temperature of their washing machines
and the distance of the first outlet point from the washing machine. The recorded
temperatures varied between 15.6°C and 35.2°C, (SD = 6.07; Figure 12). The
temperature range referred to in the literature was 18°C to 35°C (Oteng-Peprah et al.,
2018). We had 24 data points for temperature, with 83.3% of them falling within the
range of recommended temperatures for greywater. A temperature of 15.6°C was
recorded at a household that uses cold water for the purpose of rinsing.
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Figure 12
Temperature of L2L greywater in the Santa Clara County

Note:

shows the range of greywater from previous studies.

It is recommended that while doing laundry, the washing machine should be run at
a cool temperature, for instance, lower than 30°C. A temperature that is higher than
30°C might lead to the development of bacteria (Gross et al., 2015). Based on Figure
12 and the data collected, it was observed that 79.17% of the samples the temperature
was lower than 30°C.
Chemical Characteristics. The chemical characteristics of greywater and their
ranges are shown in Table 11.
pH. The range of the pH for our sample was 6.27 to 9.38 (M = 7.48, SD = 0.529;
Figure 14Figure 13). This is a lower pH value than the maximum of 9.6 found in
previous studies (Ghunmi et al., 2008). Additionally, in another study (Christova-Boal
et al., 1996), the range of the pH values for greywater ranged from 9.3 to 10; only one
of our data points fell within this range. Of this data set, 43% was lower than 7.5,
which was the minimum found in previous research.
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Figure 13
Range of Chemical Characteristics of Greywater in Santa Clara County

Note:
shows the acceptable range for reuse of wastewater by FAO;
shows the range of greywater from previous studies. Boron and total dissolved solids
have one data point from previous studies. The maximum level for EC from previous
studies is 1400 which has been removed for better visualization of the graph.
Acceptable range by FAO for SAR is not included in the graph.
On the other hand, when our pH values were compared to the accepted range for
wastewater reuse, which is 6.5 to 8.4 (FAO, 2017), 93.33% of the data fell within the
accepted range, with only two data points remaining outside the recommended range.
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The results of this research suggest that the average pH value of the sample could
have been influenced by the source water, and that it was a bit higher than neutral
because of the ingredients present in the laundry detergents (Christova-Boal et al.,
1996; Mohamed et al., 2014; Roesner et al., 2006).
Electric Conductivity. The range of EC in our sample collected from 30
households was 7.8 to 107.3 µs/cm, (M = 58.36 µs/cm, SD = 26.76; Figure 13).
Christova-Boal et al. (1996) suggested a range of 190 to 1,400 µs/cm for the EC of
laundry greywater; our data showed an EC that was much lower than in previous
research. Another study suggested that the EC may be high because of a high
concentration of salt; the EC in that study was high and had a mean of 960 (Mohamed
et al., 2014). According to a committee of consultants in California, strict restrictions
are needed when the salinity is higher than 300 µs/cm. If the salinity is lower than 70
µs/cm, no restriction is needed, and if it is between 70 and 300 µs/cm, slight to
moderate restrictions are needed (FAO, 2017). None of the data acquired in this
research required strict restrictions, 66% of the EC required no restrictions, and
33.33% of the data required slight to moderate restrictions. In this study, the low EC
indicated that the detergents used contained low quantities of salt.
Sodium Adsorption Ratio (SAR). The range of the SAR was 0.31 to 8.77, (M =
2.22, SD = 1.95; Figure 13). The range of the SAR for previous studies was 6 to 15.25
(Gross et al., 2015; Misra & Sivongxay, 2009; Mohamed et al., 2014). The SAR value
in this study was much lower than in previous studies. Only 6.67% of the data fell into
this category, and the rest were lower than this value.
Based on the study by FAO (2017), the SAR and EC need to be compared in order
to see whether the wastewater is suitable for reuse, since they can affect the
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infiltration rate of the soil. Table 12 presented here includes the SAR and EC values.
Based on the data measured in Santa Clara County, it was observed that 86.67% of
the data fell into the category of no to moderate restriction on use, and in the case of
moderate restriction, more care or filtration needed to be gradually applied to the
greywater. Whereas, only 13.34% of the data fell into the category of severe
restriction on use, potentially affecting the infiltration rate of the soil over time, due to
which the plant cannot have access to enough water.
Table 12
Sodium Adsorption Ratio and Electrical Conductivity
SAR

0 to 3

3 to 6

6 to 12

12 to
20

EC

Degree of Restriction on the
Reuse of Wastewater
(Greywater)

Percentage of Santa Clara
Valley’s Greywater Data in
this Category

> 0.7

No restriction

26.67%

0.7–0.2

Slight to moderate restriction

43.33%

< 0.2

Severe restriction on use

13.33%

> 1.2

No restriction

-

1.2–0.3

Slight to moderate restriction

10%

< 0.3

Severe restriction

-

> 1.9

No restriction

-

1.9–0.5

Slight to moderate restriction

6.67%

< 0.5

Severe restriction

-

> 2.9

No restriction

-

2.9–1.3

Slight to moderate restriction

-

< 1.3
Severe restriction
Source: FAO (2017)

-

In the two cases that fell into the category of severe restriction on the reuse of
greywater, the two households were not code compliant. In one of the cases, although
the household was code compliant, the detergent used was Kirkland, which is not
recommended for reuse with greywater. In the case of one household, although the
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greywater system appeared to be code compatible and nothing seemed wrong, a
considerable amount of outliners in our datas was derived from this household. The
SAR was compared to that of previous studies, and 93.33% of the data was lower than
that of previous studies.
The maximum data point in this study was 8.77. The high value was observed in
the case of a particular household that was using a water softener containing a
sodium-based salt (NaCl). One suggestion that can be offered is that the sodium-based
salt in the water softener should be changed to a magnesium-based salt.
Calcium. In this study, it was observed that the range of calcium in greywater was
5.178 to 82.33, (M = 41.98 mg/l, SD = 24.4; Figure 13) The range of calcium in
previous research was 19 to 50 mg/l. It can be stated that 66.67% of the data fell into
the range recorded in previous studies. The usual range of calcium in the irrigation
water should be 0 to 20 me/l (FAO, 2017); 100% of our data falls within this range.
The exceptionally low amount of calcium in two households can be explained by the
presence of water softener in one and the use of vinegar as laundry detergent in
another household.
Magnesium. The range of magnesium in this study was 0.781 to 48.95 mg/l, (M =
17.22 mg/l, SD = 13.71). In our study, 29 out of the 30 data points fell into this
category. The accepted range of the presence of magnesium is 0 to 5 me/l; 100% of
the data fell into this category.
Total Dissolved Solids (TDS). The maximum and minimum amount of TDS in
this study was 697.45 mg/l and 50.7 mg/l, respectively, (M = 379.34 mg/l, SD =
173.92; Figure 13). As for previous research, a TDS of 603.3 mg/l was measured in
India for laundry wastewater (Sumisha et al., 2015).
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According to the FAO (2017), if the TDS is lower than 450 mg/l, no restriction is
needed, and consequently, 70% of our data did not need any restrictions. If the TDS is
450 to 2000 mg/l, slight to moderate restrictions are needed. The maximum TDS of
697.45 in our data showed that the laundry greywater needs of that particular
household requires slight filtering. A mulch basin around the greywater outlet can act
as a filter as well. For a TDS of more than 2000 mg/l, severe restrictions are needed.
Three of the data points in this study were between 600 and 700 mg/l, and none of
them was code compliant.
Boron. In this study, the range of boron was 0.01387 to 5.106 mg/l, (M = 0.55
mg/l, SD = 1.22; Figure 13). There is a lack of information on the impact of boron on
the quality of laundry greywater.
The acceptable range for the reuse of wastewater for irrigation is 0 to 3 mg/l, as
shown in the graph, and 93.33% of our data points fell into that range shown in Figure
12. The findings of the study by FAO (2017) were more specific, and it stated that if
the measure of boron is less than 0.7 mg/l, then there is no need for any restrictions. In
our study, 90% of the data points were smaller than 0.7, and the value of one data
point was 1.754 mg/l (i.e., between the 0.7 and 3 mg/l value), which can be
considered as needing slight to moderate restrictions. In this household, the greywater
was being stored in a tank and was non-code-compliant.
In the case of the two data points which were higher than 3 mg/l, one of the
households mentioned that they had used bleach in their previous cycle, which would
explain the high quantity of boron. The recommendation received from the Valley
Water (2016) reported that the greywater needs to enter the sewer system instead of
the garden. As for the other data point out of the acceptable range, it was reported that
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the house had been going through a major change in the landscape and soil was
present in the pipes as well. Thus, the high number of boron can be the result of the
presence of boron in the soil.
Potassium. The range of potassium (K) in this study was 1.47 to 28.55 mg/l, (M =
8.73 mg/l, SD = 7.53; Figure 13). The range of the same recorded in previous studies
on laundry greywater was between 1.1 to 23 mg/l (Christova‑Boal et al., 1996;
Ghunmi et al., 2008; Gross et al., 2015). It was observed that 93.33% of the data in
this study fell within this range.
Based on the study by the FAO (2017), it was reported that the usual range for
potassium in irrigation water is 0 to 2 mg/l; only 13.33% of our data falls into this
range. The greywater contains potassium due to the presence of the same in the
ingredients of laundry detergents (Chan et al., 2014; Mohamed et al., 2018). In a
report prepared by the University of Southern Queensland, the measurement of
potassium in the greywater ranged between 2.6 and 10.2, and they did not find
significant increase in potassium content in their greywater. They also noticed that the
front-load washing machines had lower potassium than top-load ones (Howard et al.,
2005). Although potassium can act as a nutrient for plants, more studies need to be
conducted to find out the cause behind the excess amount of potassium in laundry
greywater at the Santa Clara County, as well as to examine whether it is safe for
plants.
Sodium. The range of sodium (Na) in this study was between 6.114 to 180.9 mg/l,
(M = 58.14 mg/l, SD = 40.742). Based on previous studies, it was observed that the
range of sodium was 49 to 667 mg/l. In our study, 43.33% of the data fell into this
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range and the rest of the data was lower than 49 mg/l (which was the minimum
sodium range reported in previous studies).
The acceptable range of sodium in wastewater is 0 to 9 me/l (FAO, 2017).
However, this observation is only valid for surface water irrigation. Although salt is
used regularly in households, greywater mostly uses biodegradable detergents, in
which the concentration of salt and boron is low (Allen, 2015). In this study, the
sodium content was higher than 100 mg/l in only three households. One of them was
not code compliant. Although the second household was code compliant, it used water
softener, and the third household had been undergoing major backyard landscaping.
Therefore, the greywater pipes and outlets of this household were filled with soil,
which might have caused the increase in sodium content.
Chlorine. The range of chlorine (Cl) in this study was 5.248 to 133.252 mg/l,
(M = 56.37 mg/l, SD = 34.613). The range of chlorine reported in the study by Gross
et al. (2015) was 300 to 450 mg/l, and 9 to 88 mg/l in the study conducted by
Christova-Boal et al. (1996). The range of our data is much lower than the 300 to 450
mg/l range, and 73.33% of our data was within the range reported by Christova-Boal
et al. (1996).
If the chloride content is lower than 4 me/l (mg/l = me/l * equivalent weight, so
4 * 35 = 140), there is no need for restrictions in the use of greywater. However, if the
chloride is between 4 to 10 me/l, slight to moderate restrictions are needed. The data
in this study revealed that there was no need for restriction in the use of greywater;
therefore, all the data fell into the no restriction category.
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Iron. The range of iron (Fe) in this study was 0.02708 to 6.727 mg/l, (M = 1.26
mg/l, SD = 1.58; Figure 13). The range of iron reported in previous studies was
between 0.29 and 1.0 mg/l. Only 40% of the data fell within this range.
According to the study by the FAO (2017), the maximum recommended
concentration of iron is 5 mg/l. In our study, 93.33% of the data fell into this category.
As for the maximum of the range for this data set (6.727), there is no apparent reason
why this data was so high. In the case of the second highest data point, the greywater
system was not code compliant, and the plants were watered through a hose.
However, it is not obvious why this might cause the high number iron in greywater.
The third highest data set was not code compliant either, and the greywater could
spread through the surface of the soil. Because of the age of the households, the pipes
might have been made from galvanized or copper material, which might explain the
high levels of iron in the greywater samples collected from the Santa Clara County.
High levels of iron can cause soil acidification and lower the availability of nutrients,
such as phosphorus for the plants (FAO, 2017).
Manganese. The range of manganese (Mn) was 0.000426 to 0.2575 mg/l, (M =
0.048 mg/l, SD = 0.06; Figure 13). Not many studies have been conducted to observe
the range of manganese in laundry greywater.
The maximum recommended concentration of manganese in wastewater meant
for reuse is 0.2 mg/l; 96.97% of the data of our study fell within this category (FAO,
2017).
Carbonate (CaCO3) and Bicarbonate (HCO3). The value of carbonate (CO3)
was 0 in 29 households and 12 in only one household. Therefore, the range of CO3 in
greywater was 0 to 12 mg/l, (M = 0.4 mg/l, SD = 2.2).
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The range of bicarbonate (HCO3) in the measured data was 31.62 to 381.518 mg/l,
(M = 194.91 mg/l, SD = 104.18). Not enough research has been conducted on the
quality of greywater and the range of bicarbonate.
According to the study by FAO (2017), the range of acceptable irrigation water
reuse is 0 to 518.5 mg/l, and all our data fell within this category.
Nitrate (NO3). The range of nitrate in greywater in this study was 0 to 63.44 mg/l,
(M = 6.32 mg/l, SD = 12.19). The range of nitrate in greywater reported in previous
studies was 0.10 to 0.6 mg/l, which is much lower than our range (Christova-Boal et
al., 1996; Li et al., 2009). Only 20% of our data fell into this category. Sufficient
studies that compare nitrate values have not been conducted.
According to the study by FAO (2017), the usual range of nitrate in irrigation
water is 0 to 44.27 mg/l; 96.67% of our data fell into this category. Except one outlier
in our data, the rest of the data fell into the 0 to 20 mg/l range; thus, the nitrate can act
as a nutrient for the plant.
Phosphate (PO4). The range of phosphate in this study was 0.181 to 15.787 mg/l,
(M = 2.82 mg/l, SD = 3.28). The range of phosphate reported in previous studies was
0.186 to 179 mg/l (Christova-Boal et al., 1996; Friedler, 2004); 96.67% of the
measured data fell within this range.
According to the study by the FAO (2017), the usual range for wastewater reuse
for phosphate-phosphorus (PO4-P) is 0 to 2 mg/l. In order to convert it to phosphate,
we divided the 0 to 2 by 0.3261 (Hach, 2020). Therefore, the range of phosphate for
usual irrigation water is 0 to 6.133 mg/l. In our study, 90% of the data fell within this
range. In Santa Clara County, it is advised that phosphate-free detergents be used, and
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this can be the reason for low phosphate content in the greywater in Santa Clara
County, compared to previous research.
Total Organic Carbon (TOC) and Biochemical Oxygen Demand (BOD). The
range of the TOC in this study was 2.08 to 448 mg/l, (M = 107.96, SD = 120.7). In a
previous study, the range of the value for the TOC was 100 mg/l to 811 mg/l. In this
study, 36.67% of the data points were within the range recorded in previous research,
while the rest were lower.
This study conducted an analysis of the BOD of the laundry greywater of 14
households. The range of BOD was 34 to 975 mg/l, (M = 329.55 mg/l, SD = 261.84).
Based on previous studies, it was observed that the range of BOD was usually
between 48 to 1266 mg/l. In a study of a dormitory at Jordan University, the value of
BOD was found to be 1266 mg/l, and it was concluded that the greywater needed to
be treated before use (Ghunmi et al., 2008). However, based on the recommendation
on the reuse of reclaimed water for edible plants, the BOD needs to be less than 10
mg/l, and in the case of non-edible plants, it needs to be less than 30 mg/l (EPA,
2013). However, none of our data points fell into this category.
It was observed that the household which had the maximum amount of BOD also
had the maximum amount of TOC. There was a positive correlation between the BOD
and the TOC when n = 14, degrees of freedom = 12, r (14) = 0.953, p = 1.4614 × 10-7.
In a study conducted by Dubber and Gray (2010), the relationship between the BOD
and the TOC was measured by using Equation (3), which is different from the
equation used in this study, Equation (4).
BOD5 = 23.7 + 1.68 * TOC
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(3)

Based on analysis done by IBM SPSS Statistics (Version 25), it was reported that
90.80% of the variation in the BOD could be explained by the TOC. Figure 14 shows
the relationship between BOD and TOC, such that:
BOD5 = 33.347 + TOC * 1.713

(4)

Figure 14
Relationship Between TOC and BOD

The removal of pollutants is essential, and more research needs to be conducted
on the TOC of greywater for a better understanding of its importance and effect.
Use of Detergents
Based on the recommendation of installers, most of the households were using
EcosTM laundry detergent. Other detergents used were Trader Joe’sTM, Kirkland
HETM, OasisTM, HEX PerformanceTM, Seventh GenerationTM, OxiCleanTM, and
BiokleenTM Sport Laundry Liquid. The number of these different detergents used in
different households is listed in Table 13. Based on their household practice, some of
the households use different kinds of detergents.
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Table 13
Commonly Used Laundry Detergents in Santa Clara County

No. of
Households

Is the Detergent
Compatible with the
Laundry Greywater
System?
(Yes/No/Comments)

Ecos

22

Yes

Sodium Coco Sulfate

Oasis

3

Yes

Potassium Hydroxide and
Potassium Chloride

Kirkland

4

No

Calcium Chloride and
Potassium Chloride

Trader Joe’s

2

Yes (liquid detergent)

Name of the
Laundry
Detergent

Seventh
Generation

3

Limited use is
recommended due to
the presence of
enzymes.

Hex
Performance

1

No

Oxi Clean

1

No

Biokleen
Sport

1

Yes

Ingredients that can affect
our Results

Laureth-6 and sodium lauryl
sulfate (plant-derived
cleaning agent), sodium
citrate (as plant-derived
water softener), glycerin
(plant-derived enzyme
stabilizer), sodium chloride
(mineral-based viscosity
modifier), sodium oleate
(plant-derived anti-foaming
agent)

Glycerin (vegetable), sodium
chloride, sodium
carboxymethyl inulin (plantbased chelant),
saccharomyces ferment

Vinegar
1
No
Sources: Hypoallergenic Magnolia and Lily (n.d.), Laundry Liquid - Sport - 128
Loads, (n.d.), Liquid Laundry Detergent Lavender Scent & Free and Clear (n.d.),
“Oasis Biocompatible Super-Concentrated Laundry Liquid Bio Pac Cleaning
Products” (n.d.), Allen (2015), Greywateraction.org (2015), and Ludwig (2015).
A significant association was observed between pH and laundry detergent [χ2 (2)
= 6.82, p < 0.05; Figure 15].
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Figure 15
Effects of Laundry Detergent on pH

Independent samples t-test were conducted on code compliant and non-codecompliant greywater systems. Mean fecal coliform rate differed between the codecompliant and non-code-compliant systems [t (25) = -2.470, p <0.001; Figure 16].
Figure 16
Effects of Code Compliance on Fecal Coliform in Greywater
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Soil Quality
Descriptive statistics of soil characteristics based on the distance from the
outlet is shown on Table 14. Additionally, it contains the range of soil quality
recorded in previous studies. It needs to be mentioned that the soil quality depended
on the practices and activities of the household, and they can vary depending on the
presence of pets and kids.
Table 14
Soil Quality Gathered in Three Different Location from Outlets in the Santa Clara
County

Close to
outlet

1.5
meters
from the
outlet

3 meters
from the
outlet

pH
sample

Electrical
Conductivit
y (ds/m)

N

30

30

30

30

30

Minimum

5.2

0.530

0.20

0.3000

5.000

Maximum

7.7

3.410

2.40

140.500

19.000

Mean

6.727

1.396

0.8533

18.546

12.433

Std.
Deviation

0.6330

0.6671

0.4988

32.070

3.530

N

30

30

30

30

30

Minimum

6.2

0.450

0.10

0.30

5.0

Maximum

7.7

3.64

2.00

137.90

18.000

Mean

6.840

1.3543

0.620

18.510

11.966

Std.
Deviation

0.4239

0.7060

0.4597

31.3497

3.6149

N

20

20

20

20

20

Minimum

5.6

0.420

0.20

0.200

5.000

Maximum

7.9

6.280

1.70

206.0

17.000

Mean

6.910

1.555

0.595

25.150

11.05

Std.
Deviation

0.5486

1.3776

0.4442

52.1257

4.4066
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SAR

NO3-N
ppm

NH3-N
ppm

Total

N

80

80

80

80

80

Minimum

5.2

0.420

0.100

0.200

5.00

Maximum

7.9

6.280

2.400

206.000

19.000

Mean

6.815

1.420

0.701

20.184

11.912

Std.
Deviation

0.5394

0.8996

0.4801

37.4182

3.7860

7.7-8

0.2-2.7

0.86-4.87

Previous
Studies

Sat. %

Close to
the outlet

1.5
meters
from the
outlet

3 meters
from the
outlet

Total

Cl meq/l

Na ppm

SO4-S
meq/l

Mg ppm

N

30

30

30

30

30

Minimum

37

0.260

21.008

0.410

280

Maximum

121

4.890

253.800

6.680

1467

Mean

73.40

1.822

81.171

2.295

741.93

Std.
Deviation

18.867

1.307

47.981

1.637

275.568

N

30

30

30

30

30

Minimum

43

0.170

13.344

0.500

338

Maximum

126

6.090

217.936

5.600

1715

Mean

77.40

1.500

61.979

1.746

781.23

Std.
Deviation

18.812

1.5784

50.8666

1.1606

366.715

N

20

20

20

20

20

Minimum

50

0.130

22.448

0.370

390

Maximum

119

9.580

229.800

4.940

1791

Mean

75.55

1.680

62.604

1.701

877.40

Std.
Deviation

18.360

2.2262

51.2959

1.5284

438.385

N

80

80

80

80

80

Minimum

37

0.130

13.344

0.370

280

Maximum

126

9.580

253.800

6.680

1791

Mean

75.44

1.666

69.333

1.941

790.54

Std.
Deviation

18.566

1.6594

50.1296

1.4549

355.391
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Previous
Studies

17-41
Cu
ppm

Close to
the outlet

1.5
meters
from the
outlet

3 meters
from the
outlet

Total

Zn ppm

Fe ppm

2.4-39
Mn ppm

B ppm

N

30

30

30

30

30

Minimum

1.700

3.200

10.000

2.000

0.170

Maximum

46.000

60.700

258.300

37.800

3.590

Mean

5.427

18.717

49.183

16.26

1.398

Std.
Deviation

7.8845

15.1445

52.7235

8.1006

0.8574

N

30

30

30

30

30

Minimum

1.500

4.100

11.700

2.200

0.200

Maximum

6.800

58.900

79.800

29.500

3.980

Mean

3.790

16.573

33.923

15.260

1.4570

Std.
Deviation

1.7179

12.9648

19.1326

6.6147

0.9224

N

20

20

20

20

20

Minimum

1.300

2.800

9.500

1.400

0.160

Maximum

5.900

43.400

71.200

34.000

4.180

Mean

3.435

15.775

32.285

15.790

1.71

Std.
Deviation

1.2979

13.1234

16.8765

9.0136

1.2496

N

80

80

80

80

80

Minimum

1.300

2.800

9.500

1.400

0.160

Maximum

46.000

60.700

258.300

37.800

4.180

Mean

4.315

17.177

39.236

15.767

1.500

Std.
Deviation

5.0078

13.7424

35.8305

7.7382

0.9872

Previous
Studies

1.4-105
Org-C

OrgMat %
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0.27-8.8
P ppm

K ppm

Ca ppm

Close to
the outlet

1.5
meters
from the
outlet

3 meters
from the
outlet

Total

N

30

30

30

30

30

Minimum

1.505

2.590

18

109.632

1975

Maximum

14.180

24.390

170

563.616

9326

Mean

5.091

8.757

72.00

289.069

4713.17

Std.
Deviation

3.1771

5.4646

38.908

115.963

1888.237

N

30

30

30

30

30

Minimum

1.169

2.010

11

156.508

2393

Maximum

10.940

18.817

180

1009.552

9472

Mean

5.179

8.909

76.63

354.645

4882.97

Std.
Deviation

2.5694

4.4194

38.848

194.5701

1830.819

N

20

20

20

20

20

Minimum

1.880

3.234

12

139.628

3441

Maximum

10.659

18.334

227

802.740

9174

Mean

5.350

9.202

78.30

358.573

5453.35

Std.
Deviation

2.715

4.6697

56.206

176.7289

1890.504

N

80

80

80

80

80

Minimum

1.169

2.010

11

109.632

1975

Maximum

14.180

24.390

227

1009.552

9472

Mean

5.189

8.926

75.31

331.037

4961.89

Std.
Deviation

2.8128

4.838

43.319

165.5828

1867.044

Previous Range
0.48-6.87
3-845
12516-122
Studies
850.67
Source: Albalawneh et al. (2016), Al-Hamaiedeh and Bino (2010), Mohamed et al.
(2013), Negahban-Azar et al. (2012), and Pinto et al. (2010).
Phosphorus. The mean phosphorus in this study was 72 ppm when close to
outlet, 76.63 ppm when 1.5 meters from the outlet, and 78.30 ppm when 3 meters
from the outlet. In a study by Albalawneh et al. (2016), the concentration ranged from
3–136 ppm, with an average of 19 ppm. Mean phosphorus levels were slightly higher
in the 0–2 years systems (76.61 ppm) than older systems (71.995 ppm) [F (2.74) =
4.124, p = 0.046; Figure 17.
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Figure 17
Effect of System Age on Phosphorus

There was no significant difference between the distances from the outlet, and
there was no interaction between distance from outlet and system age (Figure 18). The
phosphorus concentration is similar at all distances from young systems. In older
systems however, the mean concentration is lower close to the outlet and higher 3
meters from the outlet.
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Figure 18
Effect of System Age and Distance from Outlet on Phosphorus

Although it is recommended not to use phosphate-based laundry detergents, the
results indicate that the amount of phosphate didn’t change significantly in this study.
There was an increase in phosphorus concentration by 1.2% in a study by Mekki et al.
(2015), after 60 days of greywater irrigation. The concentration increased
significantly in a study by Mohamed et al. (2013) after 6 months of use of greywater.
This can be due to use of high concentration of phosphorus in some of the laundry
detergents; moreover, front load machines use less water, and that amount of
phosphorus consumed by plants doesn’t pose a risk. However, if it is high in sandy
soils, it can be leached (Ozanne et al., 1961). The major concern with phosphate is to
make sure it does not leach to groundwater or open water sources.
pH. It shows the pH decreased slightly when close to the outlet from 6.91 to
6.737. In a study by Siggins et al. (2016), high levels of pH (over 9) were seen in
some sites, which can affect the nutrient availability, such as iron, zinc, manganese,
and copper, for plants (Pinto et al., 2010). In a study by Albalawneh et al. (2016), the
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soil pH increased slightly from 7.6 to 7.8. In a study by Mohamed et al. (2013), there
was a slight decrease in the pH level, similar to our study. This can be due to the
process of transformation of organic carbon, nutrients, and organic matter into smaller
and simpler exchangeable cations, which can cause changes in the pH.
Electrical Conductivity. There wasn’t a significant difference in EC of the soils
based on system age and distance from outlet; however, the EC was less, closer to the
outlet (Figure 19), and when closest to outlet, the EC decreased after the use of
greywater. There was a significant increase in EC of the soil after two months (Pinto
et al., 2010). In a similar study, there was no significant difference between soil being
irrigated with greywater after two months (Al-Zu’bi et al., 2011) and after 5–30 years
of use (Negahban-Azar et al., 2012), similar to our findings in this study (Figure 18).
Additionally, in two studies, the soil EC decreased after one year (Bino et al., 2010)
and two years (Albalawneh et al., 2016).
Figure 19
Effect of System Age and Distance from Outlet on Electrical Conductivity
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EC is lower when close to the outlet and 1.5 meters from outlet in 2+ year old
systems; there is an increase in EC at 3 meters from the outlet for systems older than 2
years. The EC is almost the same for young systems, with the one close to the outlet
showing the highest value. For this, 86% of the data was in the recommended range
for row crops and tree crops at 0–1.5 ds/m (De Clerck et al., 2003). The household
which had the highest EC of 6.28 was not code compliant and the greywater was
running in different parts of the backyard as well; furthermore, 5 dogs were seen in
the backyard while taking the sample which can influence the soil quality. Pinto et al.
(2010) concluded that the level of salt can be different in gardens versus greenhouses
because of the wash of the salts by rain. More study needs to be done to see the effect
of greywater on soil EC, since high levels of EC can affect the soil and plant health
(Albalawneh et al., 2016).
Soil Organic Matter. It is an important indicator of soil stability and fertility
(Seybold et al., 1997); it affects soil water retention and nutrient cycling (Grossman et
al., 2001). There was a significant difference between system age and soil organic
matter [F (1.74) = 25.452, p = 0.036] but no significant difference between distance
from outlet and organic matter [F (2.74) = 0.162, p = 0.850; Error! Reference source
not found.], and also no interaction between system age and distance from outlet was
found [F (2.74) = 0.599, p = 0.552]. Organic matter increased for older systems and
stayed consistent based on distance from the outlet. In a study by Negahban-Azar et
al. (2012), organic matter decreased by 70% in soils irrigated by greywater in
Arizona, and it was 30% less in California. In a research by Albalawneh et al. (2016),
there was a small reduction in mean organic matter from 1.99 to 1.91. However, there

59

was an increase in organic matter from 2.61 to 3.99 in study conducted by Bino et al.
(2010).
Figure 20
Effect of System Age and Distance from Outlet on Organic Matter

The range of organic matter, based on a study (Supplement to the Soil Survey of
Santa Clara Area, California and Western Part, 2015), should be lower than 1%,
which is considered low, whereas 1–4% is moderate, 4–8% is high, and more than 8%
is very high. In this study, the organic matter data ranged from moderate to very high.
Organic matter can help with the cation exchange capacity and enables soils to have a
stable pH (Fenton et al., 2008).
Since organic carbon was measured by organic matter divided by 1.72, the results
were similar with organic matter. In one study, there was an increase in organic
carbon after 6 months (Mohamed et al., 2013), with a significant difference between
system age and organic carbon [F (1.74) = 25.452, p = 0.000003]. The older systems
have more organic carbon in this study. Organic carbon supports the stability of the
soil by increasing aeration and reducing erosion in soil (Corning et al., 2016).
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Sodium Adsorption Ratio. SAR is an important concept which is related to water
permeability. There was no significant difference between the young age of the
system and SAR [F (1.74) = 0.321, p = .573; Figure 21]. SAR mean is the highest
closer to the outlet, both in young and older systems; however, in young systems, the
SAR is very similar and low when 1.5 meters and 3 meters from the outlet. The SAR
lowers as it gets farther from the outlet in older systems (2+ years). There was a
significant difference between distance from outlet and SAR [F (2.74) = 4.034, p =
.022; Figure 21].
Figure 21
Effect of System Age and Distance from Outlet on Sodium Absorption Ratio

This is similar to the findings of Albalawneh et al. (2016), which showed no
accumulation of salt in 2 years. Whereas, Al-Hamaiedeh and Bino (2010) showed an
increase in SAR accumulation in soils irrigated with greywater after 1 year. Siggins et
al. (2016) saw an increase in SAR in older systems, which could affect the health of
the soil negatively. The SAR range was 0.1–2.4, which is below the 13 maximum
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amount of SAR (Davis & Cornwell, 1998; USDA, 2017). The low level of SAR in
Santa Clara can be due to high level of calcium and magnesium in the county’s soils.
Cation Exchange Capacity (CEC). CEC, SAR, pH, and EC need to studied
together to determine the salinity and properties of the soil (Lanfax Laboratories,
2007). CEC is the ability of soils’ negative particles to attract the positive particles; it
also shows the texture of the soil—the more clay the soil has, the more CEC increases
(Espinoza et al., 2006). Although there was no significant difference between system
age and distanced from outlet. However, the CEC in this study was seen to increase in
older systems, with a mean of 38.206 meq/100g, compared to younger systems with a
mean of 30.387 meq/100g. In a study by Mohamed et al. (2018), higher values of
CEC in soils being irrigated by powdered laundry detergent and lower in soils
irrigated by liquid laundry detergent were noticed. This study’s results are similar to
Ganiyu et al.’s (2020), which saw an increase in CEC after being irrigated by
greywater. There was a significant difference between system age and CEC [F (1.74)
= 9.361, p = 003; Figure 22).
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Figure 22
Effect of System Age and Distance from Outlet on Cation Exchange Capacity

Copper (Cu). Besides one of the households with a high value of copper (noncode-compliant), the mean value of copper between all distances were remarkably
similar, the mean value between young systems (0–2 years) was remarkably similar.
However, there was an increase of copper in older systems close to outlet. The high
concentration of copper and zinc can be due to galvanized pipping in the household
(Christova-Boal et al., 1996; Simmons et al., 2001). The copper accumulation in soils
irrigated by wastewater was reported as 34.2 ppm in a study by Galal (2015).
Zinc (Zn). Zinc can damage plants if the concentration is higher than 12 ppm;
however, a concentration of zinc can accumulate in soils being irrigated with
greywater (Christova-Boal et al., 1996). In a study by Albalawneh et al. (2016), the
zinc concentration increased from 11 ppm to 15 ppm after two years of using
greywater. More management and flushing the soil with fresh water was
recommended to decrease the amount of zinc. The zinc concentration in this study
varied among different households, with a range of 2.8–60.7, a statistical mean of
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17.178, and standard deviation of 13.7424. However, when zinc was graphed based
on the laundry detergent, the mean value of zinc in soils being irrigated with
biodegradable detergents was similar through all the distances from the outlet, with
means of 15.811 ppm to 24.703 ppm for soils being irrigated with non-biodegradable
detergents. In a study by Al-Zu’bi et al. (2011), they noticed the accumulation of zinc
during their study and suggested treating greywater for reuse when the source was
from the laundry and kitchen. The ways to remove heavy metals can be membrane
filtration, adsorption, and precipitation (Aziz et al., 2008)
Iron (Fe). Iron levels in both new and older systems were the closest to the outlet.
The mean concentration in younger systems was 38.3 ppm and 37.854 ppm for older
systems. The source of iron in greywater can be from cleaning products and
household plumbing (Eriksson & Donner, 2009). Metals are necessary for plant
growth, and because of their presence in greywater, it is best to limit the use of
fertilizers to prevent accumulation of metals in the soil. Galal (2015) also noticed the
accumulation of iron in soils irrigated by wastewater.
Manganese (Mn). The mean concentration of manganese was very similar
between younger systems (0–5 years old) at 15.81 ppm and older systems at 15.5
ppm. Low concentration of manganese can be caused due to high amount of pH and
organic matter (Welch, 1995). There was a significant difference between 0–2-yearold systems and older systems of 2 years and over (p = 0.014; Figure 23). However,
since the equity of variance was significant, a non-parametric test was performed.
Interestingly, the mean manganese amount was higher at 16.432 ppm compared to
older systems at 14.432 ppm.
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Figure 23
Effect of System Age on Manganese

Boron (B). The boron concentration was the lowest when closest to the outlet and
highest farther from the outlet, which can be due to the wash of boron by greywater in
soils closest to the outlet. The mean concentration in systems less than 2 years was
1.368 ppm and 21.818 ppm in systems 2 years and older. The high value of boron in
older systems can be due to detergents which have boron salts for whitening (WielShafran et al., 2006). In a study by Mohamed et al. (2013), an increase in boron in just
one of the households they were studying was noticed. Boron concentration of 0.5–
2.0 ppm is the recommended concentration in soil, and anything outside this range
can cause deficiency and toxicity (Brdar-Jokanović, 2020), With regards to this range,
38.75% of our data fell outside it. There was a significant difference between young
and older systems, and a non-parametric Mann-Whitney U-test was run for measuring
boron (p = 0.016; Figure 24).
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Figure 24
Effect of System Age on Boron

Calcium (Ca), magnesium (Mg) and potassium (K). There was a significant
increase in both calcium and magnesium concentration in soil for systems older than
two years. The correlation between system age and calcium concentration was [F
(1.74) = 6.588, p = 0.012; Figure 25]; however, there wasn’t a significant difference
between distance from outlet and calcium [F (2.74) = 0.821, p = 0.444], and there
wasn’t a relationship between distance from outlet and system age [F (2.72) = 0.39, p
= 0.962]. One of the reasons for the slight increase in calcium in soils irrigated by
greywater in Santa Clara County can be due to high levels of hardiness in the county’s
water, ranging from 81–84 (Water Quality Reports, 2019). Additionally, most of the
soils with clay in them have high levels of calcium, starting at 2500 ppm (Espinoza et
al., 2006). The mean calcium concentration in young systems was 4636.841 ppm and
5780.773 ppm in systems 2 years and over.
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As for the correlation between magnesium concentration in soil and system age, it
was [F (1.74) = 6.713, p = 0.012; Figure 25]. There was an increase in magnesium
concentration in systems 2 years and older, with a mean of 945.87 ppm, and for
systems 0 to 2 years, it was 721.159 ppm. However, there was no significant
difference between distance from outlet and magnesium concentration in soil [F
(2.74) = 0.590, p = 0.577], and there was no interaction between system age and
distance from outlet [F (2.74) = 0.770, p = 0.467]. Although magnesium plays an
important role as plant nutrient, the level of magnesium in soil is high in this study. If
the ratio of calcium to magnesium is 2 to 8, then it doesn’t influence the plant health.
In this study, 73.75% of the data had a ratio of between 2 to 8. For the rest of the data,
the ratio ranged from 9 to 19, indicating high levels of calcium in the soil; the data
with the highest levels of calcium was the newly installed system.
Figure 25
Effect of System Age and Distance from Outlet on Cations
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Mean concentration of potassium in older systems (386.036 ppm), which is
higher than younger systems (307.228 ppm). There was a significant difference
between potassium and system age [F (1.74) = 4.321, p = 0.041; Figure 25]. In a study
by Albalawneh et al. (2016), the concentration decreased after 2 years of irrigation.
Code vs Non-code-compliant
Based on Santa Clara County’s requirements for installing greywater, codecompliant systems require the following:
•

Mulch basin is around the outlet of the greywater
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•

The greywater is not stored

•

There is no runoff of the greywater and its outlet is under the soil

•

No root crop is being irrigated by greywater (Valley Water, 2016).

These simple rules help the environment and the health of people. In this study, a
univariate ANOVA test was run between code/non-code-compliant systems, and the
distance from the outlet was the independent variable, while soil characterization was
dependent.
Based on the results run by the SPSS, there was a significant difference between
these soil characteristics and code compatibility systems, as follows: organic matter F
(1.74) = 9.21, p = 0.003; organic carbon F (1.74) = 9.210, p = 0.003; CEC F (1.74) =
12.693, p = 0.001; sodium F (1.74) = 4.823, p = 0.031; magnesium F (1.74) = 6.639, p
= 0.012; calcium F (1.74) = 9.133, p = 0.003; boron F (1.74) = 6.756, p = 0.011;
saturation F (1.74) = 14.838, p = 0.000247; and manganese F (1.74) = 6.639, p =
0.012. Furthermore, no significant difference between potassium, SAR, chlorine, zinc,
pH, EC, and phosphorus were found. In Table 15, the means of code-compliant vs
non-code-compliant systems is shown.
Table 15
Soil Qualities Based on Code/Non-code-compliant Systems
Soil
Characteristics

Code
Compliant/
Not Code
Compliant

NO3-N ppm

Code
Compliant
Not Code
Compliant

Mean

15.56
40.21

P-Value

Null Hypothesis:
The distribution of soil
Characteristic is the same
across categories of Code/Noncode-compliant systems

0.466

Accept the Null Hypothesis
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Code
Compliant
NH3-N ppm
Not Code
Compliant
Code
Compliant
Phosphate ppm
Not Code
Compliant
Code
Compliant
Saturation. %
Not Code
Compliant
Code
Compliant
pH sample
Not Code
Compliant
Code
Electrical
Compliant
Conductivity
Not Code
(ds/m)
Compliant
Code
Compliant
Chlorine meq/l
Not Code
Compliant
Code
Compliant
SO4-S meq/l
Not Code
Compliant
Code
Sodium
Compliant
Absorption
Not Code
Ratio
Compliant
Code
Compliant
Cu ppm
Not Code
Compliant
Code
Compliant
Zinc ppm
Not Code
Compliant
Code
Compliant
Iron ppm
Not Code
Compliant

12.40
9.80
77.15
67.33
71.51
92.47
6.80
6.89
1.38
1.61
1.48
2.47
1.87
2.27
0.66
0.86
3.90
6.13
17.27
16.77
40.95
31.83

0.038

Reject the Null Hypothesis

0.099

Accept the Null Hypothesis

0.00024
7

Reject the Null Hypothesis

0.271

Accept the Null Hypothesis

0.585

Accept the Null Hypothesis

0.11

Accept the Null Hypothesis

0.610

Accept the Null Hypothesis

0.098

Accept the Null Hypothesis

0.312

Accept the Null Hypothesis

0.375

Accept the Null Hypothesis

0.182

Accept the Null Hypothesis
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Code
Compliant
Not Code
Compliant
Code
Compliant
B ppm
Not Code
Compliant
Code
Compliant
Calcium ppm
Not Code
Compliant
Code
Compliant
Magnesium
ppm
Not Code
Compliant
Code
Compliant
Sodium ppm
Not Code
Compliant
Code
Compliant
Potassium ppm
Not Code
Compliant
Code
Cation
Compliant
Exchange
Capacity
Not Code
meq/100g
Compliant
Code
Organic Matter Compliant
%
Not Code
Compliant
Code
Compliant
Org-Carbon
Not Code
Compliant
Manganese
ppm

16.67
11.84
1.36
2.09
4634.3
2
6381.3
3
740.20
1008.6
7
64.71
89.35
318.98
383.29
30.55
41.84
8.12
12.41
4.72
7.22

0.014

Reject the Null Hypothesis

0.011

Reject the Null Hypothesis

0.003

Reject the Null Hypothesis

0.012

Reject the Null Hypothesis

0.031

Reject the Null Hypothesis

0.221

Accept the Null Hypothesis

0.001

Reject the Null Hypothesis

0.003

Reject the Null Hypothesis

0.003

Reject the Null Hypothesis

The concentration of organic carbon, organic matter, pH, saturation, CEC,
sodium, potassium, magnesium, calcium, boron, copper, SAR, SO4, chlorine, EC, and
NO3N were higher in non-code-compliant systems. However, the concentration of
manganese, iron, zinc, phosphate, and NH3N were higher in code-compliant systems.
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Zinc was highest close to the outlet and lower as it went farther from the outlet in
non-code-compliant systems. This can be because in non-code-compliant systems, the
dispersal of greywater is not equal throughout the outlets and the system. It is advised
to have the systems installed and setup based on the code and initiate regular
checkups of the systems’ mulch basins and soil quality.
Discussion
Since this study covers many greywater and soil qualities, the discussions for each
characteristic have been included in the same result section for better clarification.
Eighty-three percent of the greywater systems were compatible with Californian
codes. (California Building Standards Commission, 2016). During the data collection
from September to December of 2019, it was noted that after several cycles of
drought in California, people who use greywater also grow water tolerant plants in an
attempt to save more water. People in general do not change their landscape after
installing greywater. Although they might add one or two plants, they do not alter the
entire landscape. Most of the plants which were being irrigated by greywater are
perennial and mostly water tolerant; 51% of the plants being watered by greywater,
including herbs, native plants, and fruit trees, are edible. Additionally, 59% of the
plants being watered by greywater are water tolerant.
As for RQ 2, in this study the level of fecal coliform was much lower than
previous studies and contradicted the findings of Friedler (2004). In this study, 16
characteristics of greywater were studied, with most of them being in the acceptable
range for reuse of wastewater. In most cases, inorganic and organic contaminant
concentrations, besides iron and calcium, generally were much lower than previous
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studies, contradicting the findings of Christova-Boal et al. (1996), Ghunmi et al.
(2008), and Gross et al. (2015).
As for RQ3 and RQ4, only SAR had a significant difference based on distance
from outlet, decreasing with distance from the outlet, which is consistent with
findings of (Albalawneh et al., 2016). However, although there wasn’t significant
difference between different soil characteristics and distance from outlet, but when it
was graphed, there was either increase or decrease as it got farther from the greywater
outlet. There was a significant difference between calcium, magnesium, potassium,
organic matter, organic carbon, CEC, boron, and system age. In all cases, there was an
increase in mean concentration of these soil qualities in older systems; this agrees
with the study of Binto et al. (2010) and Mohamed et al. (2013).
When RQ5 was studied, based on system code beside iron, manganese, and zinc,
the mean concentration of soil characteristics were higher in non-code-compliant
systems. These results indicate that it is advised to have the systems installed and
setup based on the code while initiating regular checkups of the systems’ mulch
basins and soil quality.
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Conclusion and Policy Implications
Reusing greywater can help save water. Many details were studied in this research
and 31 households were visited, and in all households, the plants, greywater quality,
and soil results looked good for the most part. These systems are working even with
or without any maintenance; new ones, old ones, they all work.
This study found system age matters and older systems have accumulation of
nutrients and salts, which is why it is important to not add extra nutrients without
testing the soil characteristics first. It is also suggested to turn the greywater system
off during rainy seasons because it left on, it will lead to the leaching of the soil. For
older systems, maintenance of the system and soil is required to make sure no harm is
being done to the soil and the system is in great working condition.
There was a significant difference between potassium pH, and laundry detergent.
When the study was carried out based on greywater quality and code-compliant
systems quality, there was a significant difference between fecal coliform and nitrate
in greywater on account of code or non-code-compliant systems. As for soil quality,
besides the SAR, there was no significant difference between the distance from the
outlet and soil quality. However, there was a significant difference among soil
characteristics such as calcium, magnesium, potassium, organic matter, organic
carbon, CEC, boron, and NH3N and saturation and system age. There was also
significant differences among organic matter, organic carbon, sodium, magnesium,
boron, saturation, CEC, manganese, and NH3N in code and non-code-compliant
systems.
This study found that code-compliant systems accumulate less salts, so it is
advised to make sure systems stay up to code. The code-compliant systems involve

74

very basic rules of the Santa Clara County for the reuse of greywater; it’s best to
follow these simple rules to support the health of the soil and individuals while
reusing greywater.
Water agencies such as Valley Water and City of Palo Alto should promote and
expand L2L programs. Whenever a washing machine is working, we can save 25–40
gallons of water per load, which can be diverted to irrigate the landscape. California
might be going through another cycle of drought, and these systems provide an
additional tool for diversifying regional water supply portfolios.
Future Research
There should be evaluation and investigation of high levels of iron and potassium
in local greywater. Since some clothes contain micro plastics, the study of their
presence in greywater can be important for future research. Additionally, researchers
need to operationalize concept of “biodegradability” and compatibility of laundry
detergents. The laundry detergent qualification was out of the scope of this research.
It is best to study laundry detergents and their ingredients to make a list of
biodegradable and eco-friendly detergents that are compatible with greywater.
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Appendix A
Table A1
Sampling Table for Each Household in Three Months of Study

Greywater
quality

Greywater
Quality

Soil Quality

Magnesium

Soil Type

Calcium

Soil
moisture

Sodium

Sodium

Temperature

Boron
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EC
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pH

pH

TDS

Organic
matter

Total Coliform

Calcium

Fecal Coliform

Potassium

Nitrogen

Nitrate

Potassium

Phosphate

Phosphorus
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the
the
greywater
greywater
greywater outlet (as
outlet
outlet
control)

Appendix B
Name and Address (Private):
Sample Number:
Date of Sampling:
Number of samples: Greywater, Soil
How long greywater has been installed:
Detergents being used:
What Plants are being irrigated by greywater:
Number of people in the household:
Temperature of the greywater:
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